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Granulocyte-macrophage colony-stimu
lating factor (GM-CSF) is a regulatory, 
glycoprotein necessary for the prolifera
tion, maturation, and survival of myeloid 
cells [4]. Myelopoiesis is enhanced when 
recombinant human (rh) GM-CSF is giv
en to mice, monkeys [6], and some pa
tients with various forms of neutropenia 
[3, 5]. The clinical use of rhGM-CSF in
fusions is under intensive investigation 
now. 

An alternative way of increasing the 
level of GM-CSF in the organism is by 
transplantation of CSF -producing cells, 
analogous to the transplantation of in
sulin-producing cells in patients with dia
betes mellitus. It seems especially impor
tant to increase the intramedullary con
centration of GM-CSF, as bone marrow 
is the central organ for regulating the 
proliferation and differentiation of he
matopoietic cells. There is a positive cor
relation between the intramedullary con
centration of GM-CSF and the progno
sis for patients with leukemia [8]. One 
source of CSF-producing cells may be 
various embryonal cells which are avail
able and genetically more tolerable. 

The main objectives of this study were: 
(a) to evaluate the ability of various hu
man fetal organs and tissues to develop 
colony-stimulating and -inhibiting activi
ties (CSA and CIA); (b) to estimate their 
effect on colony-forming unit-granulo
cyte macrophage (FU-GM) and leuke
mic clonogenic cells (LCC); (c) to eval
uate the effect of fetal bone (FB) on 
fibrous tissue of adult bone marrow in 
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vitro; and (d) to evaluate the effect of 
rat FB transplantation into rats after 
lethal and sublethal doses of cyclophos
phamide. 

A. Material and Methods 

A total of 88 human fetuses (24 at 7-10 
weeks; 38 at 11-15 weeks; 22 at 20-26 
weeks) were used to evaluate CSA and 
CIA of various fetal organs and condi
tion media (CM). Bone marrow cells of 
87 hematologically healthy donors (con
trol group), 92 patients with various he
matological disorders, and 48 human fe
tuses (7 at 10-12 weeks; 10 at 13-15 
weeks; 16 at 20-22 weeks; 15 at 23-26 
weeks) were used as target cells. The 
cloning of hematopoietic cells was per
formed in agar drop-liquid medium [1]. 
CSA of fetal tissues (FT) or CM (CMFT) 
was estimated as: the number of aggre
gates in the plates with FB or CMFT 
divided by the number of aggregates in 
the plates with leukocyte feeder (F). 
IA was calculated as; CSA of F (100%) 
- CSA of (F + FT or CMFT). 

Colonies and clusters were scored at 
day 7 or 8. The effect of FB on fibrous 
tissue was studied by morphometric as
say of bone marrow trephine biopsy after 
its cultivation using the Marbrook sys
tem [2] with or without FB. The scheme 
of rat FB transplantation is presented in 
Fig. 1. 

B. Results and Discussion 

All human fetal tissues except from the 
liver were able to produce CSA in vitro 
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Table 1. Colony-stimulating activity (CSA) and colony-inhibiting activity of human fetal bone 
(mean±SD) 

Target cells Range of spontaneous CSA of fetal bone CIA of fetal bone 
colony formation (% leukocyte feeder) (Leukocyte feeder 

+ fetal bone) 

Control group 0 62.8± 8.2 100- 80.6± 15.7 
61.8±27.4 85.0± 10.4 100- 80.4±11.3 

Acute nonlymphocytic 0 42.9 ± 11.1 100-110.9± 19.1 
leukemia 52.7± 15.5 67.8 ± 9.2 100-115.1±14.3 

Fetal bone marrow 0 50.2± 7.2 100- 52.0± 7.7 
46.7±15.5 99.0± 11.4 100- 74.0± 7.9 

Numerator, low level of spontaneous colony formation; denominator, high level of spontaneous 
colony formation 

(Fig. 2), but FB was the only tissue 
which sustained this capacity for at least 
4 weeks. The cocultivation of FB and 
AML (acute myeloid leukemia) or nor
mal bone marrow in liquid culture for 2 
weeks did not decrease the capacity of 
FB to produce CSA. The LCC were more 
sensitive to the endogenous stimulators 
and demonstrated less response to FB 
stimulation than normal CFU-OM 
(Table 1). With prolonged cultivation 
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time of the AML bone marrow, morpho
metric analysis of trephine biopsy using 
the Marbrook system showed an in
creased proliferation of fibrous tissue 
and a disappearance of hematopoietic el
ements (Table 2). On the other hand, the 
cocultivation of trephine biopsy and FB 
inhibited the proliferation of fibrous tis
sue and prevented the destruction of 
hematopoietic cells. The cultivation of 
FB for 4 weeks in liquid medium or 



Fig. 2. Colony-stim
ulating activity 
(CSA) in various fe
tal tissues. e, Kid
ney; ., spleen; _, 
lung; 0, liver; 1:., 

muscle; D, thymus; 
~, bone 

Fig. 3. Colony-stim
ulating activity 
(CSA) of human fe
tal bone (FB) under 
different perserva
tion conditions. 
e, Control; ., FB 
after cryopreserva
tion; _, crushed FB 
after cryopreserva
tion; 0, FB pre
served at +4°C for 
1 week; D, FB pre
served at +4°C for 
2 weeks; 1:., FB pre
served at +4° C for 
4 weeks 
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cryopreservation at -196° C with 10% 
DMSO did not considerably affect its 
capacity for CSA production (Fig. 3). 
The transplantation of FB shortened the 
period of leukocytopenia after sublethal 
(300 mg/kg) or lethal (500 mg/kg) doses 
of cyclophosphamide in a rat model 
(Fig. 4) and increased the probability of 
survival (Fig. 5). 

Thus, rat survival after FB transplan
tation was increased. This effect is proba-
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bly related to the ability of FB to give 
long-term CSF production and the in
crease of the intramedullary CSF level. 
We have shown that FB induced the pro
liferation of LCC. FB has been suggested 
to exert a differentiated effect on LCC, 
which can return to their normal pheno
type [7]. Moreover, FB inhibits fibrous 
tissue proliferation in human AML bone 
marrow. Further research is needed to 
establish the place of FB transplantation 
in clinical practice. 
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Table 2. Results of cultivation of bone marrow tissue in Marbrook system in the presence of 
human fetal bone (morphometric assay bone marrow trephine biopsies from the acute non
lymphocytic leukemia patients) 

Cultivation period Type of tissue (%) 
(weeks) 

Hemopoietic (%) Fat (%) Bone (%) Fibrous (%) 

1 7-45 4-80 12-28 0-10 
17-38 26-54 12-19 0 

2 0-20 11-70 15-40 8-42 
80 24-32 13-16 0 

3 0 0-25 20-54 25-50 
8-28 18-24 23-28 0- 3 

4-5 0 4- 9 16-32 30-60 
21-30 45-57 12-20 0- 3 

Numerator, bone marrow trephine (BMT); denominator, BMT + fetal bone 
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Fig. 4 a, b. Leukocyte count in peripheral 
blood after fetal bone transplantation. a Ad
ministration of 500 mg/kg cyclophosphamide. 
b Administration of 300 mg/kg cyclophos
phamide. Solid curve, experimental group; 
broken curve, control group 
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Fig. 5 a, b. Survival rate after fetal bone trans
plantation. a Administration of 500 mg/kg cy
clophosphamide (p = 0.001). b Administration 
of 300 mg/kg cyclophosphamide (p = 0.05). 
Solid curve, experimental group (n = 63); 
broken curve, control group (n = 42) 
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